In this paper the tribological behaviour and wear resistance of composite coatings based on zinc with PTFE (polytetrafluoroethylene) particles are investigated. The coating types included in this paper cover a broad range of coatings composition, deposition conditions, and measurements. Characterisation and understanding of tribological behaviour requires the exact definition of the coatings´ composition, PTFE content and distribution in the composite coatings. A number of analytical methods were used to characterise all required parameters, e.g. friction coefficient measurement, optical microscopy, infrared spectroscopy, etc. Each method proves better or worse ability to describe tested coating. Test results show, that incorporation of PTFE particles into zinc coating positively effects friction coefficient, self-lubrication, etc. It is obvious that these effects change along with the particles content.
Introduction
Corrosion of materials is a serious problem because it causes undesirable changes in construction materials and consequently economic problems. These undesirable changes can often be prevented by the use of appropriate surface treatment. One possible treatment is the application of different type of coating. The most common and most frequently used electrodeposited coatings are zinc coating and alloy coatings based on zinc. These coatings represent approximately one quarter of all surface treatments. This is caused mainly by simple technology of their production and their good corrosion resistance. Recently other properties have become very important, e.g. low friction coefficient, etc. These requirements can be met by the application of multilayer coatings, but the layer thickness growth and technology is complicated. One possible solution is the application of the coatings with incorporated particles improving the friction properties, i.e. composite coatings.
Composite coatings are used in various fields of industries such as general mechanics and automobiles, electronic components and computers etc. The deposition of finely dispersed particles of PTFE (polytetrafluoroethylene) in a metal matrix by electro deposition led to a new generation of composite coatings. These composite coatings show particular physical and chemical properties, which can not be achieved by each component separately. The most desired properties are better wear resistance, selflubrication, abrasion resistance, and corrosion resistance [1] [2] [3] [4] [5] [6] [7] [8] . These depend mainly on used particles (graphite, diamond, MoS 2 or PTFE) and type of solution (pH, temperature, bath, etc.), but also on the size, concentration, distribution, and morphology of the particles.
2. Coating elaboration
Composite coatings based on zinc and PTFE were coated on two types of samples. One was sheet of steel (plate) with dimension of 135 x 40 x 8 mm and the other was sample (tablet) with diameter of 20 x 8 mm. Samples used for tribological measurement can be seen in Fig. 1 . Before the zinc plating, the samples were first cleaned with alkaline solution for 10 min at 45 -85 °C and then rinsed with water. Then activation in dilute HCl for 60 s was used and samples were rinsed with water again. Such prepared samples were used for electro deposition of composite coatings. A 60 wt. % PTFE dispersion with particle size in the range of 0.05 to 0.5 m was stirred in bath for 1 h before use. PTFE particles were dispersed uniformly in the bath and floated because of mechanical stirring.
Four different concentrations of PTFE dispersion were used in the bath.1, 5, 10, and 25 vol. % of dispersion were used to evaluate the impact of bath composition on coatings' properties. Two different types of stirring were used -continuous and intermittent. 
Tribology
The coefficient of friction was measured by tribometer TOP 3 (see Fig. 2 ). It was found that TOP 3 is the most convenient tribometer for our measurement. This tribometer is especially designed to measure the adhesive friction and wear of materials or surface layers of materials. The tribometer operates in the linear reciprocating motion derived from the electric motor through a worm gear crank mechanism. Motor speed can be precisely controlled by a frequency converter. Friction pair is formed by "area -area" or "area -sphere". Normal load is derived via a lever parallelogram and its size is optional. Measurement is based on the following principle. Sample (tablet) is pressed by defined measurable force against the test plate, which oscillates by defined speed. Test device based on this principle can be easily used for a quick performing not only the immediate verification of surface treatment, coatings, and also materials properties. Rotary crank shaft to linear reciprocating motion is carried over the rope pulley mechanism. Measurement was performed with loading normal force of 9.81 N, 37 turns per minute was used, kinematic pair formed plate/tablet, and dry friction was used. Measurement was carried out at 22 °C for 2 minutes approximately.
4. Results
All samples were studied for static (f s ) and dynamic (f k ) coefficient of friction. Twelve measurements were performed -six for sample with zinc coating and six for sample with composite coating with PTFE particles. Measured values were processed in Matlab program and results can be seen in the Table 1 . The values of friction coefficients are also displayed in the form of column graph (Fig. 3) . From the graph in the Figure 3 is evident that the composite coating containing PTFE particles has lower values of coefficient of friction static and dynamic too than the coating consisting just of zinc. Figure 4 presents the graphs of coefficients of friction created in Matlab program. The first graph shows the results of measurement performed on zinc coating and the second one relates to the composite coating containing PTFE particles. 
5. Conclusions
Zinc-PTFE composite coatings containing various amounts of PTFE particles can be obtained from slightly acid bath. The PTFE content in the bath, current density and used stirring influence the deposition rate and coatings morphology. Comparison of friction coefficients measured for different coatings composition show the various PTFE content affect less or more the tribological properties. Zinc-PTFE composite coating obtained from the bath containing 10 % of PTFE dispersion exhibit the best friction coefficient, surface morphology and PTFE incorporation into the coating.
The results of friction coefficient measurement showed that the implementation of PTFE particles into the zinc coating improved the tribological behaviour and wear resistance of the coating. The graphs show the composite coating containing PTFE particles has the lower friction coefficient than the coating of pure zinc.
